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The developm ent o f  th e  a d re n a l  g la n d s  h as been  th e  o b je o t 
o f  a  number o f  I n v e s t ig a t io n s  c o v e rin g  a lo n g  p e r io d  o f y e a rs*  
I n v e s t ig a t io n s  have b een  c a r r i e d  on by i n v e s t i g a to r s  who w ere 
and a r e  a u t h o r i t i e s  i n  t h e i r  f i e l d  o f  e n d e a v o r , y e t  th e r e  
seem s to  be  no v e ry  g e n e ra l  ag reem en t i n  th e  c o n c lu s io n s  a t  
id iio h  th e y  have a r r i v e d .  T h is  i s  more t r u e  o f  th e  in v e s t i g a ­
t i o n s  c o n c e rn in g  av es th a n  any o th e r  g roup  o f  a n im a ls . T h is  
i s  no doub t th e  r e s u l t  of th e  f a c t  t h a t  th e r e  i s  no w e l l  d e ­
f in e d  d iv i s io n  betw een th e  m e d u lla ry  su b s ta n c e  and th e  c o r t i ­
c a l  s u b s ta n c e  o f th e  a d re n a l  g la n d s  o f  a v e s .  Due to  th e  la c k  
o f  a  w e l l  d e f in e d  d iv i s io n  o f  th e s e  s u b s ta n c e s  e a r l i e r  in v e s ­
t i g a t o r s  w ere d iv id e d  i n  t h e i r  o p in io n s  c o n c e rn in g  th e  o r ig in  
o f  b o th  m e d u lla ry  and c o r t i c a l  s u b s ta n c e s .  A l i s t  o f some o f 
th e  v iew s h e ld  c o n c e rn in g  t h e i r  o r ig in  w i l l  s e rv e  to  g iv e  th e  
r e a d e r  an  id e a  o f th e  p e r p l e x i t y  c o n f ro n t in g  th e  s tu d e n t  from  
h i s  re v ie w  o f  l i t e r a t u r e .  Some o f th e s e  v iew s a r e  a s  fo l lo w s :
1 .  The th e o ry  was h e ld  t h a t  th e  a d re n a l  g la n d s  w ere d e r iv e d  
from  one s u b s ta n c e , nam ely th e  mesenchyme. I t  was th o u g h t 
t h a t  th e  same m a te r ia l  w hich  form ed th e  c o r t i c a l  s u b s ta n c e  
l a t e r  d i f f e r e n t i a t e d  to  form  th e  m e d u lla ry  s u b s ta n c e .
2 .  ( a )  The th e o ry  was h e ld  t h a t  th e  m e d u lla ry  and c o r t i c a l  
s u b s ta n c e s  w ere o f  s e p a r a te  o r i g i n ,  and t h a t  th e  m e d u lla ry
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o«p48 w #re â e r i r e â  from  th e  a y m p a th e tle  g a n g l ia  n ^ l l e  th e  
e o r t i o a l  o o rd s  w ere d e r iv e d  f r w  th e  s e x u a l o o rd a .
(h )  % a t  th e  n eduX lary  c o rd s  w ere d e r iv e d  from  in g ro w th s  o f  
th e  s y n ^ t h e t l e  sy s tem  w h ile  th e  c o r t i c a l  c o rd s  w ere p r o l i f e r -  
atl<mB from  an  in g ro w th  and budd ing  o f f  o f  th e  p e r i t o n e a l  ep­
i th e liu m *
From th e  p re c e d in g  s ta te m e n ts  c o n c lu s io n s  a r e  r e a d i l y  
draw n t h a t  some o f  th e  e a r l i e r  i n v e s t i g a t o r s  d e r iv e d  th e  en­
t i r e  g la n d  from  one s u b s ta n c e  a d iile  o th e r s  d e r iv e d  i t  from  
two s u b s ta n c e s ,  th e  fo rm e r i s  c a l l e d  th e  homogenous th e o ry  
and th e  l a t t e r  th e  h e te ro g e n o u s  th e o ry .  These I n v e s t i g a to r s  
who u p h e ld  th e  homogenous th e o ry  w ere V a le n t i ,  R a thke , Good- 
s i r .  G ray, Von Brunn, Sedgw ick, and G o ttso h a u . These men 
th o u g h t th e  a d re n a ls  to  be o f  m esoderm ie o r ig in  and t h a t  o e r -  
t a i n  c e l l s  o f  th e  same s u b s ta n c e  became d i f f e r e n t i a t e d  to  
form  th e  m e d u lla . J a n o s ik ,  V a le n t i ,  and M ih a lco v io s  th o u g h t 
them to  be o r ig in a te d  from  th e  g e rm in a l e p i th e l iu m . B is o h o f f ,  
H is , W aldeyer, and A lc h e l th o u g h t them  to  be o r ig in a t e d  from  
th e  e p i th e l iu m  o f  th e  m esonephric  tu b u le s ;  and f i n a l l y  Semon 
d e r iv e d  them  from  th e  p ro n e p h ro s . Those i n v e s t i g a to r s  who 
u p h e ld  th e  h e te ro g e n o u s  th e o ry  were d iv id e d  among th e m se lv e s  
a s  to  th e  o r i g i n  o f  t h e  s u b s ta n c e s .  They ag re e d  o n ly  t h a t  
th e  g la n d  was d e r iv e d  from  two s u b s ta n c e s .  Remak, K o l l ik e r ,  
B rau n , B a lfo u r ,  H i t s u k u r i ,  and  M inot th o u g h t th e  c o r t i c a l  
s u b s ta n c e  t o  be d e r iv e d  from  th e  mesoderm. In a b a , F u s a r l ,
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Srdinlce« W ieael» and  B rau e r  th o u g h t th e  e o r t i o a l  o o rd s  t o  be 
o f  e p i t h e l i a l  o r ig in  b u t  w ere u n s e t t l e d  a s  to  w h e th e r  th e y  
w ere d e r iv e d  from  th e  g e rm in a l o r  p e r i t o n e a l  e p i th e l iu m . 
Weldon and Hoffman th o u g h t th e  o o r t l c a l  s u b s ta n c e  t o  be  d e ­
r iv e d  from  th e  e p i th e l iu m  o f  th e  tu b u le s  o f  th e  m esonephros 
e A ile  R abl and  M in e rv in i th o u g h t i t  to  be d e r iv e d  from  th e  
prem ephroa# The r e a d e r  i s  a t  once aw are of th e  f a c t  t h a t  a 
d i v e r s i t y  o f  o p in io n s  a re  h e ld  c o n c e rn in g  th e  o r i g i n  o f th e  
c o r t i c a l  s u b s ta n c e  of th e  a d re n a l  g la n d s .
The m edu lla  was th o u g h t to  be form ed by d i f f e r e n t i a t e d  
c e l l s  o f th e  mesenchyme by G o ttso h au  and  M inot* Von M ih a l- 
c o v le s ,  w ork ing  w ith  r e p t i l e s ,  came to  the c o n c lu s io n  t h a t  
th e  m ed u lla  was d e r iv e d  from  th e  g e rm in a l e p i th e l iu m  and t h i s  
th e o ry  was s u b s t a n t i a t e d  by J a n o s ik  and V a le n ti  b o th  w ork ing  
w ith  th e  a d u l t s  and em bryos o f b ird s *  L ey d ig , w ork ing  w ith  
f i a h ,  came to  th e  c o n c lu s io n  t h a t  th e  m ed u lla  was o f sym path­
e t i c  o r ig in *  B a lfo u r  in  h i s  w ork on e lasm obranch  f i s h e s  
shows c o n c lu s iv e ly  t h a t  th e  m ed u lla  i s  o f  sy m p a to e tio  o r ig in  
and  s in c e  h i s  tim e i n v e s t i g a t o r s  have found  t h i s  to  be tru e *  
P o ll#  fr<wn h i s  e x te n s iv e  re v ie w  o f  l i t e r a t u r e  and w ork on 
m^immals# b i r d s ,  and r e p t i l e s  came to  th e  c o n c lu s io n  t h a t  th e  
c w t i c a l  s u b s ta n c e  i s  d e r iv e d  from  th e  p e r i t o n e a l  e p i th e l iu m  
and t h a t  th e  m ed u lla  i s  form ed from  th e  p e r ip h e ry  o f  th e  
sy m p a th e tic  n erv o u s  sy s te m . S o u lie  w ork ing  w ith  b i r d s  and 
K hnts w ork ing  w ith  t u r t l e s  a l s o  came to  th e s e  c o n c lu s io n s *
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Vlnee& t s a js »  **That th e  c o r te x  l a  d e r iv e d  from  th e  mesoderm 
th e  m ed o lia  from  th e  same b la s te m a  a s  th e  sy m p a th e tic  
g a n g l ia  I s  nov a lm o s t o n lv e r a a l ly  c o n c ed e d ."  L l l l l e  In  h i s  
re v ie w  o f  l i t e r a t u r e  In  r e g a r d  to  v iew s h e ld  c o n c e rn in g  th e  
developm ent o f th e  a d re n a l  g la n d s  s a y s  t h a t  i n  h i s  e s t im a t io n  
th e  velw  s u p p o r te d  by P o l l  and  S o u lie  i s  th e  l o g i c a l  e x p la n a ­
t i o n .  Hence one can  s e e  t h a t  a t  th e  p r e s e n t  tim e  th e r e  i s  
no d e f i n i t e  ag reem en t a s  t o  th e  o r ig in  o f  th e s e  s u b s ta n c e s ,  
a l th o u g h  th e r e  i s  a  d e f i n i t e  ag reem en t t h a t  th e  g la n d  i s  com­
p o sed  o f  two s u b s ta n c e s  o f d i f f e r e n t  o r i g i n .
The p re c e d in g  re v ie w  o f  l i t e r a t u r e  c o v e rs  b u t  a sm a ll 
p a r t  o f th e  e n t i r e  f i e l d  o f i n v e s t i g a t i o n .  The p u rp o se  o f  
t h i s  re v ie w  i s  to  c a l l  a t t e n t i o n  to  t h e  c o n fu s io n  w hich  h a s  
e x i s t e d  in  r e g a rd  to  th e  developm ent o f  th e  a d r e n a l s .  A 
co m p le te  b ib l io g ra p h y  w i l l  be found  in  th e  w ork o f  P o l l  f o r  
an y  one d e s i r i n g  a  f u l l e r  and  mcnre com prehensive  re v ie w  o f  
th e  s u b je c t .
35ie p u rp o se  o f  t h i s  i n v e s t i g a t i o n  i s  to  d e te rm in e  th e  
so u rc e  o f  th e  c e l l s ,  b o th  m e d u lla ry  and o o r t l c a l ,  w hich  go 
t o  fo rm  th e  a d re n a l  g la n d ;  to  o b se rv e  th e  m ig ra t io n  o f c e l l s  
and n o te  an y  ch an g es In  s i z e  o r  sh ap e  d u r in g  th e  p e r io d  o f 
fo rm a tio n  o f  th e  g la n d .
!Qie w r i t e r  i s  p le a s e d  to  acknow ledge h i s  In d e b te d n e ss  
t o  D r. R. T . Young f o r  s u g g e s t in g  th e  to p ic  o f t h i s  i n v e s t i ­
g a t io n  and f o r  th e  many h e l p f u l  s u g g e s t io n s  and c r i t i c i s m
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d u r in g  th e  o o u rse  o f  th e  ezp erlm en t*  The w r i t e r  a l s o  w ish es  
t o  aoknow ledge h i s  in d e b te d n e s s  to  D r. M. J .  E lro d  f o r  o r i t -  
l o l m  and s n g g e a tio n s  h e l p f u l  t o  th e  c o m p le tio n  o f  th e  ex­
p erim en t#
- 6*"
U kT m U L  ABD METHODS
Tb0  m a W ria la  u sed  f o r  t h i s  ex p e rim en t w ere th e  a d u l t  
and em bryos o f th e  oommon hen# C a l lu s  d e te s t I c u s *  The eggs 
am re in o u b a te d  a r t i f i o i a l l y  and ta k e n  o u t a t  r e g u la r  p e r io d s  
e v e ry  tw e n ty ^ fo u r  h o u rs^  The f i x a t i v e s  u sed  w ere : Z e n k e r 's
f lu id #  B o u in 's  f l u i d ,  R eg au d 's  f i x a t i v e ,  p l a i n  p o ta ss iu m  b i -  
ohrornate o f  th r e e  p e r c e n t  s t r e n g th #  C h aap y 's  f i x a t i v e ,  and 
a e e t i e  a lc o h o l .  The b e s t  r e s u l t s  w ere o b ta in e d  from  Champy's 
and  th e  p l a in  p o ta ss iu m  b ic h ro m a te  in  th e  s tu d y  o f c e l l  i n ­
c lu s io n s  and g r a n u le s .  A e e tid  a lo c ^ o l  fo llo w e d  by s t a i n in g  
i n  Sudan 111 a l s o  showed th e  c y to p la s m ic  and n u c le a r  s t r u c ­
tu r e s  w e ll*
S ta in in g  was m a in ly  w ith  i r o n  h aem o to x y ln . The s e c t io n s  
p re v io u s ly  f ix e d  to  th e  s l i d e s  by th e  album en method w ere ru n  
down th ro u g h  y y lo l  and th e  d i f f e r e n t  g ra d e s  of a lo o h o l to  
w a te r  and th e n  m ordanted  in  i r o n  alum  f o r  e ig h te e n  to  tw e n ty -  
f o u r  h o u r s .  They w ere th e n  w ashed in  d i s t i l l e d  w a te r  and 
s ta in e d  in  i r o n  haem otoxy ln  f o r  a  s im i l a r  l e n g th  o f  t im e . 
D e s ta in in g  was done i n  i r o n  alum . T h is  p ro c e s s  i s  r a p id  and 
need s to  be  w atched  c lo s e ly  u n d er th e  m ic ro sco p e  a s  th e r e  i s  
d an g e r o f  d e s ta in in g  to o  much. D e s ta in in g  sh o u ld  be s to p p e d  
when th e  s t r u c t u r e s  a p p e a r  p e a r l  g r a y .  C e l lu l a r  s t r u c t u r e s  
show up p l a i n l y  u n d er t h i s  p ro c e s s  and i n  many o a se s  th e r e  i s  
a  b e a u t i f u l  d i s p la y  o f  m ito c h o n d r ia . The n u c le u s  s t a i n s  d e e p ly
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w M le  th e  M a t  o f  th e  a t r a a t o r e  ta k e a  a l e s s  deep  s t a i n  th u s  
m aking d i f f e r e n t i a t i o n  c o m p a ra tiv e ly  e a s y .  The m e d n lla ry  
a a b a ta n c e  ta k e s  a d e e p e r  s t a i n  th a n  th e  c o r t i c a l  c e l l s  so  
Id ia t b o th  e lem e n ts  a r e  r e a d i l y  d i s t i r g n i s h a b l e .  T h is  i s  more 
t r u e  o f  th e  e a r l i e r  s ta g e s  th a n  th o s e  o f  a  l a t e r  p e r io d .
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I t  hma b een  p re r io u sX y  r e p o r te d  t h a t  th e  a n la g e n  o f th e  
e o r tie e X  s u b s ta r ^ e  l a  f i r s t  s e e n  a t  th e  9 6 th  h o a r .  From my 
o b a e r r a t lo n s  I  f in d  a t  th e  end o f th e  t h i r d  d ay  o f  in c u b a t io n  
a  bad  o f  ciO.18 b e in g  p r o l i f e r a t e d  o f f  from  th e  p e r i t o n e a l  
e p i th e l iu m  l a t e r a l  to  th e  b a se  o f  th e  r o o l  o f  th e  v e n t r a l  
T O sen te ry . ( F ig .  1 .  ) T h is  bud o f  c e l l s  i s  r e c t a n g u la r  i h  
s h a p e . In  a  few  c a s e s  i s o l a t e d  c e l l s  and se co n d a ry  buds o f  
c e l l s  c a n  be  s e e n  m ig ra t in g  from  th e  p r im a ry  bu d . These a l l  
m ig ra te  d o r s a l l y  betw een  th e  d o r s a l  a o r t a  and th e  m esonephros. 
In  th e  e a r l i e r  s ta g e s  o f  developm ent th e  c e l l s  r a r e l y  p a s s  
th e  v e n t r a l  l e v e l  o f th e  d o r s a l  a o r t a .  They d iv id e  r a p i d ly  
and  p i l e  up» fo rm i%  a c o m p a ra tiv e ly  com pact mass m e s ia l  and 
v e n t r a l  to  th e  m esonephros. The c e l l s  w hich  have  b een  budded 
o f f  from  th e  p e r i t o n e a l  e p i th e l iu m  have in c re a s e d  in  s i s e  un­
t i l  th e y  a r e  apprend  ma t e l y  th r e e  tim es  th e  s i z e  o f  t h e i r  p a r ­
e n t  c e l l s .  They a r e  l a r g e r  and  more c l e a r l y  d e f in e d  th a n  
th o s e  o f  th e  su r ro u n d in g  mesenchyme i n  w hich th e y  a r e  imbed­
d e d . The c y to p la sm  o f  th e  c o r t i c a l  a n la g e n  i s  more g r a n u la r  
th a n  t h a t  o f  th e  su r ro u n d in g  mesenchyme c e l l s .  The n u c l e i  a r e  
l a r g e  i n  co m p ariso n  w ith  th e  n u c l e i  o f  th e  mesenchyme c e l l s »  
b e in g  a p p ro x im a te ly  o n e - th i r d  th e  a r e a  o f th e  c y to p la sm . The 
s i s e  o f  th e  c e l l s  and volume o f th e  n u c le i  a r e  two c h a r a c te r ­
i s t i c s  w hich  make th e  a n la g e n  o f th e  c o r t i c a l  c e l l s  r e c o g -
- 9 -
f it  t h i s  tim e*
Doe to  th e  oom paetness o f th e  em bryonlo o o r t l c a l  t i s s u e  
th o s e  e e l l a  l a  th e  c e n t r a l  p a r t  o f  th e  bud have l o s t  t h e i r  
r o tu n d i ty  and  a r e  r e c t a n g u la r  o r  t r i a n g u l a r  I n  s h a p e . T h is  
i s  en p lfiin ed  by th e  f a c t  t h a t  an a c t i v e  m i to t i c  d iv i s i o n  I s  
ta k in g  p la c e  c o n t in u a l ly  In  a l l  th e  c e l l s  o f  th e  bud; hence  
th o se  a t  th e  c e n t e r  a r e  b e in g  s u b je c te d  to  p r e s s u r e ,  w h ile  
th o s e  a t  th e  p e r ip h e ry  a r e  s t i l l  m ig ra t in g  and  a s  y e t  do n o t 
show ev id en ce s  o f  p r e s s u r e .  Those c e l l s  a t  th e  s u p e r io r  end 
o f  th e  bud a r e  l i t e r a l l y  s t r e t c h i n g  o u t o r  e lo n g a t in g  a s  th e y  
m ig ra te  and have assum ed sh ap es  w hich  f o r  c e l l u l a r  co m p ariso n  
may be gwld to  be fim ebold. At t h i s  s ta g e  th e  most n o t ic e a b le  
ap p ea ran ce  In  r e g a rd  to  g row th  i s  th e  r a p id  m i to t i c  d i v i s i o n  
and su b seq u en t change o f  form  o f  th e  c e n t r a l  c e l l s  o f th e  
bud .
Up to  th e  f o u r th  day  o f In c u b a t io n , th e  c o r t i c a l  c e l l s  
have m a in ta in e d  a r a p id  r a t e  o f d i v i s i o n  and m ig ra t io n ,  b u t  
I n s te a d  o f b e in g  s c a t t e r e d  p ro ia lscu o u a ly  th e r e  i s  n o t a t e n ­
dency  tow ard  th e  fo rm a tio n  o f c o rd s  o f  c e l l s .  T hese , how ever, 
a r e  n o t w e l l  e s t a b l i s h e d  u n t i l  th e  end o f th e  f i f t h  d a y . The 
cy to p lasm  o f  th e  c e l l s  a t  t h i s  tim e  I s  d en se  and g r a n u la r .
The c e l l  I s  somewhat s m a l le r  th a n  t h a t  o f  th e  p re c e d in g  s ta g e ,
and th e  n u c le u s  l a  s m a l le r  I n  p r o p o r t io n  to  th e  red u ce d  
a i^ u n t  o f  c y to p la sm . The g la n d  a t  t h i s  tim e o c c u p ie s  a  w e ll  
d e f in e d  a r e a  l a t e r a l  t o  t h e  d o r s a l  a o r t a  and m e s ia l  to  th e
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memomephroB#
A t th e  ead  o f  th e  f i f t h  d ay  o f  in c u b a t io n  th e  g la n d  
ooo iip iee  a  w e l l  form ed a r e a  i n  th e  same l o c a t i o n  a s  d e s c r ib e d  
above# w ith  th e  e x c e p t io n  t h a t  i t  h as  poshed  s l i g h t l y  f a r t h e r  
d o r s a l ly *  The c o rd s  o f  c e l l s  a r e  becom ing w e ll  e s t a b l i s h e d .  
(F ig* 2 . ) O u tposh ings o f th e  s u b c a r d in a l  v e in  can  be se e n  
a t  t h i s  tim e i n  th e  g la n d  a l th o u g h  th e y  a r e  v e ry  m in u te . The 
c o r t i c a l  c e l l s  a t  t h i s  s ta g e  p r e s e n t  a s t r i k i  g c o n t r a s t  w ith  
th e  e p i t h e l i a l  c e l l s  o f th e  m esoneph ric  tu b u le s .  The c e l l s  
o f  th e  m esonephric  tu b u le s  have a  d i s t i n c t  p o la r i ty *  th e  
n u c le i  b e in g  s i t u a t e d  in  th e  d i s t a l  p o r t io n  o f  th e  cy to p la sm  
w ith  r e g a rd  to  th e  lumen* w h ile  th e  c o r t i c a l  c e l l s  do n o t ex ­
h i b i t  p o l a r i t y .  There a r e  two o r th r e e  n u c le i  ( g e n e r a l ly )  
i n  each  o f  th e  c o r t i c a l  c e l l s *  w hich  s t i l l  rem a in  d e n s e ly  
g r a n u la r .  M ito t ic  d i v i s i o n  i s  s t i l l  an a c t i v e  p ro cess*  and 
m ig ra t io n  i s  d o r s a l  a s  p r e v io u s ly  m e n tio n e d . The g e n e ra l  
o u t l i n e  o f th e  a d re n a l  i s  becom ing w e l l  e s t a b l i s h e d  a t  t h i s  
t im e .
At th e  end o f  th e  s i x t h  day o f  in c u b a t io n  th e  c e l l s  
have become more com pact th a n  th e y  w ere i n  th e  p re c e d in g  
s t a g e .  They a r e  g rouped  i n  m asses on each  s id e  o f  th e  d o r s a l  
a o r t a  and  a r e  beocasing l e s s  c o n s ta n t  i n  sh a p e . H e re to fo re  
th e r e  was an  a c t iv e  m ig ra t io n  c o n n e c te d  w ith  an a c t iv e  m i to t ­
i c  d iv is io n *  now m ig ra t io n  h as  p r a c t i c a l l y  c e a se d  b u t d i v i s i o n  
i s  s t i l l  a c t iv e *  hence th o s e  c e l l s  i n  th e  c e n t r a l  p a r t  o f  th e
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glaaA  a r «  s u b je c te d  to  p r o s s u r e  a M  a r e  i r r e g u l a r  i n  shape» 
%Alle th o s e  on th e  p e r i j ^ e r y  a r e  more r e g u l a r .  At t h i s  s ta g e  
th e  e o r t i o a l  c e l l s  h a re  b een  pushed  to  t h e  l a t e r a l  m arg in  o f  
th e  m a o n ep h ro s*  The c e l l s  o f  th e  m esonephros re se m b le  th e  
c o r t i c a l  c e l l s  a t  t h i s  s ta g e »  o f t e n  to  su c h  a n  e x te n t  t h a t  i t  
i s  a lm o s t im p tm sib le  to  d i f f e r e n t i a t e  them . Such a  c o n d i t io n  
no d o u b t i s  r e s p o n s ib le  f o r  th e  e a r l i e r  b e l i e f s  t h a t  th e  c o r ­
te x  was d e r i r e d  from  th e  e p i th e l iu m  o f th e  m esonephros. Had 
th e  i n r e s t i g a t i o n s  been  c o n f in e d  to  y ounger em bryos t h i s  e r ­
roneous b e l i e f  w ould h a re  b een  a v o id e d . Hays s a y s  t h a t  min­
u te  m cam ination  shows a t h i n  l a y e r  o f f l a t t e n e d  mesenchyme 
c e l l s  betw een  th e  two b o d ie s .  In  my w ork I  c o u ld  n o t  d i s ­
t in g u i s h  any  boundary» b o th  g ro u p s  o f c e l l s  seem ing  to  l i e  
i n  ju x ta p o s i t io n  w ith  no s e p a r a t in g  e le m e n ts . The c y to p la sm  
o f  th e  c o r t i c a l  c e l l s  i s  s t i l l  d e n s e ly  g r a n u la r .  (F ig . 3 . )
D uring  th e  s e v e n th  d ay  o f in c u b a t io n  th e  s i z e  o f th e  
g la n d  h a s  n o t ic e a b ly  in c r e a s e d .  T h is  i s  due i n  p a r t  t o  th e  
in v a s io n  o f  sy m p a th e tic  c e l l s  id iio h  have e n te r e d  and a r e  un­
d e rg o in g  d iv i s io n ;  i n  p a r t  to  th e  c o n tin u e d  d i v i s i o n  o f th e  
c o r t i c a l  c e l l s  and in  p a r t  t o  th e  fo rm a tio n  o f s in u s o id s  
w i th in  th e  g la n d .  The s in u s o id s  a r e  form ed from  in p u s h in g s  
o f  th e  s u b o a rd in a l  v e in .  The c o r t i c a l  c e l l s  a r e  a r ra n g e d  in  
i r r e g u l a r  m asses c o n ta in in g  from  8 to  26 c e l l s  i n  e a c h .
% # s e  m asses o r  c o rd s  o f  c e l l s  a r e  l e s s  com pact th a n  th e y
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m n  i n  th e  p re o e d in g  s ta g e *  Ho a p p a re n t  r e a s o n  o o u ld  be 
t im a i  to  e x p la in  th e  f& ot o f  t h e i r  lo o s e n in g  u p . There may 
h e  a  o o r r e l a t l o n  b etw een  t h i s  f a c t  and th e  ap p e a ra n c e  o f  th e  
s ln u s o id a  a t  t h i s  tim e*  F u r th e r  w ork i s  n e c e s s a ry  on t h i s  
p h ase  o f  th e  p ro b lem , and I t  I s  th e  i n t e n t i o n  o f th e  w r i t e r  
t o  c a n y  on f u r t h e r  i n v e s t i g a t io n s  I n  r e g a rd  t o  t h i s  phenom­
enon and  in  r e g a rd  to  th e  c h a r a c te r  o f  th e  g r a n u le s  w hich  a r e  
fo u n d  in  th e  c e l l s .
D uring  th e  e ig h th  day  o f in c u b a t io n  th e  c o rd s  o f  c o r t i ­
c a l  c e l l s  lo o s e n  s t i l l  m ore; th e  c e l l s  d iv id e  r a p i d l y ,  and 
th e  c o rd s  assum e v e ry  i r r e g u l a r  s h a p e s .  The g e n e ra l  o u t l i n e  
and  em bryonic s i z e  o f  th e  g la n d  i s  w e l l  e s t a b l i s h e d  a t  t h i s  
t lM «
D uring  th e  n in th  day  th e r e  i s  l i t t l e  in c r e a s e  n o te d  i n  
th e  s i z e  o f  th e  g la n d .  More b lo o d  sp a c e s  have ap p e a re d  and 
th e  c e l l  m asses have b ee  (me more d en se  and com pact a g a in .
The m e d u lla ry  c e l l s  a r e  a r r a n g in g  th e m se lv e s  around  th e  b o rd ­
e r s  of th e  b lo o d  s p a c e s ,  w here a s  p r e v io u s ly ,  th e y  have  b een  
s c a t t e r ^  co rd s  o f  c e l l s  w i th o u t  r e g a r d  t o  th e  s in u s o id s .
I t  i s  b a r e ly  p o s s ib le  t h a t  a  horm one l a  s e c r e te d  by th e  b lo o d  
a t  h i s  tim e id iie h  s t im u la te s  them  to  m ig r a te .  F u r th e r  w ork 
i s  aecem sary  t o  e s t a b l i s h  t h i s  th e o r y .  From t h i s  p e r io d  un­
t i l  th e  end o f in c u b a t io n  th e r e  i s  l i t t l e  v a r i a t i o n  in  th e  
g e n e ra l  form  o f  th e  g la n d .  The moat n o t ic e a b le  change i s  a
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o o n t i n u d  id ilftU ag  and a r r a n g in g  o f  th e  m e d u lla ry  c e l l s  
aroam d th e  p e r ip h e ry  o f  th e  s in u s o id s .
O r ig in  and g ro w th  o f  th e  M ed u lla ry  S u b s ta n c e .
About th e  f i f t h  day  o f  in c u b a t io n ,  l a r g e  c e l l s  w hich  
h av e  d e ta c h e d  th e m se lv e s  from  th e  v e n t r a l  t r u n k  o f  th e  sym­
p a t h e t i c  n e rv e s ,  m ig ra te  v e n t r a l l y  on each  s id e  o f  th e  d o r s a l  
a o r t a .  (F ig .  4 . )  In  m ost c a s e s  th e  c e l l s  m ig ra te  s in g ly  b u t 
in  a  few  c a s e s  th e r e  a r e  c l u s t e r s  o f  f o u r  and f i v e .  % i l e  
th e s e  te n d  to  assume a p o s i t i o n  m e s ia l and v e n t r a l  to  th e  
d o r s a l  a o r t a  ^ e r e  a r e  some w hich  t u r n  o f f  to  th e  f i g h t  o r  
l e f t  88 th e  c a se  may be and e n t e r  th e  lo o s e  coz*ds o f  c o r t i c a l  
c e l l s .  As developm ent goes on, more c e l l s  e n t e r .  Some may 
b e  se e n  a d h e rin g  t o  th e  s u r f a c e  o r  p e r ip h e ry  o f  th e  g la n d .
At t h i s  s ta g e  o f developm ent th e  n u c le u s  of th e  c e l l s ,  w hich  
a r e  th e  a n la g e n  o f  th e  m e d u lla ry  s u b s ta n c e , a r e  round  and 
c l e a r ,  and th e  c y to p la sm  i s  f i n e l y  g r a n u la r .  Ho change i s  
a p p a re n t betw een th e  c e l l s  w hich  have  m ig ra te d  among th e  
c o rd s  of c o r t i c a l  c e l l s  and th o s e  w hich  have c o n tin u e d  f a r ­
t h e r  v e n t r a l l y  to  fo rm  th e  p r e v e r t e b r a l  sy m p a th e tic  p le x u s e s .
B uring  th e  n % t  day  o f in c u b a t io n  no changes a r e  o b se rv ­
a b le  w ith  th e  e x c e p tio n  t h a t  more and more sy m p a th e tic  c e l l s
a r e  to  be  se e n  in  th e  mesenchyme su r ro u n d in g  th e  g la n d . At 
t h i s  s ta g e  sy m p a th e tic  c e l l s  a r e  to  be  found  on a l l  s id e s  o f
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g la n d ,  a ln g iy  and i n  s o a t t a r e d  g ro u p s*
D uring  th e  s e r e n th  day  o f  in e u h a t io n  th o s e  c e l l s  w hich  
h ad  m ig ra te d  i n t o  th e  c o r t i c a l  s u b s ta n c e  a r e  ch an g in g  In  
sh a p e , and  a  d i f f e r e n t i a t i o n  i n  th e  n u c le i  i s  t a k in g  p la c e ;
The n u c le i  a r e  becom ing g r a n u la r .  % e s e  g r a n u le s  c o n s i s t  f o r  
th e  m ost p a r t  o f  sm a ll  s p h e r i c a l  b o d ie s  a l th o u g h  a few  ro d  
sh ap ed  in c lu s io n s  a r e  p re s e n t*  The c e l l s  a r e  lo s in g  t h e i r  
c h a r a c t e r i s t i c  r o tu n d i ty  and a r e  assum ing  i r r e g u l a r  shapes*
R i i s  i s  due to  th e  f a c t  t h a t  th e  c e l l s  a r e  d iv id in g  b u t  n o t 
m ig ra t in g , h en ce  th e  cy to p la sm  i s  pushed  o r crow ded I n to  a l l  
a v a i l a b le  c o rn e rs*  The d a u g h te r  c e l l s  a r e  s m a l le r  th a n  th e  
p a r e n t  c e l l s  and th e r e  i s  a  te n d en cy  f o r  th e  a rra n g e m e n t to  
be i n  g ro u p s  o r  o o rd s  w i th in  th e  c o r t i c a l  su b s ta n c e *  The med­
u l l a r y  c e l l s  a t  t h i s  s ta g e  a re  e a s i l y  d i s t in g u i s h e d  from  th e  
c o r t i c a l  c e l l s  b ec au se  th e y  have a deep s t a i n i n g  p r o p e r ty  stnd 
ap p e a r  d a rk  to  b la c k  i n  th e  m ic ro p h o to g rap h s*  (F ig . 5 .}
D uring th e  e ig h th  day  o f  iw s u b a tio n  th e  m e d u lla ry  c e l l s  
have in c re a s e d  in  number and a r e  a r ra n g e d  i n  w e l l  d e f in e d  
c o rd s  w i th in  th e  c o r t i c a l  s u b s ta n c e .  (F ig*  6 . ) The mesenchyme 
su rro u n d in g  th e  g la n d  c o n ta in s  few e r sy m p a th e tic  c e l l s .  T here 
i s  a te n d e n cy  f o r  th e  m e d u lla ry  o o rd s  to  be  l e s s  co m p act.
^ i s  te n d en cy  i s  p o s s ib ly  a presym ptom  o f  th e  change w hich en -  
s w s .
change w hich  o c c u rs  d u r in g  th e  n in th  and t e n th  days 
o f  in c u b a t io n  a f f e c t s  th e  I n t e r n a l  a rran g em en t o f th e  m e d u lla ry
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ew & s# They aow h re a k  dofim h u t  do n o t  r e t u r n  t o  t h e i r  fo rm er 
e o n d itlo &  o f  I s o l a t e d  c e l l s , i n s t e a d  th e y  a r ra n g e  th e m se lv e s  
i n  c o rd s  around  th e  p e r ip h e ry  o f  th e  b lo o d  sp a c e s  in  th e  
g la n d .  M ention  o f  t h i s  f a c t  was p r e v io u s ly  made u n d e r th e  
d is c u a s im a  c o n c e rn in g  th e  deve lopm ent o f  th e  c o r t i c a l  c e l l s  
and th e  f i r s t  ap p ea ran ce  o f b lo o d  s p a c e s , b u t  no e x p la n a t io n  
was o f f e r e d .  I t  i s  p o s s ib le  t h a t  a hormone I s  s e c r e te d  a t  
t h i s  tim e w hich  a c t i v a t e s  th e  m e d u lla ry  s u b s ta n c e  t o  m ig ra t io n  
and su b se q u e n t a r ra n g e m e n t. I f  t h i s  i s  so , th e n  th e  lo o s e n ­
in g  o f  th e  c o rd s  i n  th e  p re v io u s  s ta g e  I s  e x p la in e d .  F u r th e r  
w o rk  i s  n e c e s s a ry  on t h i s  ph ase  o f  th e  p ro b lem . From o b s e r ­
v a t io n s  i t  a p p e a rs  t h a t  a t  t h i s  s ta g e  an  a c t i v a t i n g  a g e n t o f 
some k in d  i s  p r e s e n t ,  b u t  o f w hat k in d  I s  a  m a tte r  o f  con­
j e c t u r e .  F u r th e r  o b s e rv a tio n s  le a d  to  th e  d is c o v e ry  t h a t  
o n ly  th o s e  g ro u p s o f m e d u lla ry  c e l l s  w hich  a r e  In  d i r e c t  con­
t a c t  w ith  th e  b lo o d  s p a c e s  a c t  I n  t h i s  m anner. The g ro u p s  
o f  c e l l s  w hich a r e  n o t In  c o n ta c t  w ith  th e  b lo o d  s p a c e s  do
n o t  m ig ra te  to  them . B ecause o f  t h i s  f a c t  th e  c o rd s  o f  med­
u l l a r y  c e l l s  a r e  I r r e g u l a r  i n  p o s i t i o n ,  t h a t  I s ,  th e y  a r e  
s c a t t e r e d  among th e  o o r t l c a l  c e l l s  p ro m isc u o u s ly  In  g ro u p s  
and  c o rd s  v a ry in g  num bers o f  c e l l s .
From t h i s  tim e  to  th e  end o f  in c u b a t io n  no g u r th e r  
ch an g es a r e  a p p a re n t ,  i n  s i z e  o r  form  o f th e  g la n d .  I t  h a s
re a c h e d  i t s  maximum em bryonic s i z e  a t  t h i s  p e r io d .
D uring  th e  1 7 th  and 1 8 th  d ay s  th e  g la n d  h a s  th e  a p p e a r -
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maoM ù t  zm M roua i s l e t s  o f  o e l l s  among t lo o d  spaoes*  (F ig .  7 . )  
I f  any  r e g u l a r i t y  i s  to  be  o b s e r re d  a t  t h i s  s ta g e  o f  th e  d e - 
re le i^ B ea t i t  i a  i n  th e  m anner i n  nAiioh th e  c e l l s  a r e  g rouped  
a ro a n d  th e  b lo o d  s p a c e s .
The c o n n e c tiv e  t i s s u e  h as  grown s lo w ly  up to  t h i s  p e r io d ,  
1 8 th  day  o f  in c u b a t io n ) .  How i t  I s  fo rm in g  a s h e a th  a -  
round  th e  g la n d  and ca n  b e  se e n  e n te r in g  among th e  o o rd s  o f  
c e l l s .  W ith in  th e  g la n d  i t  b re a k s  up q u io k ly  and b u t a few  
a e a t t e r in g  s t r a n d s  may be s e e n .  A d en se  l a y e r  o f  t i s s u e  i s  
fo rm ing  around  th e  p e r ip h e ry  o f  th e  g la n d  g iv in g  ev id e n c e  o f 
a  c a p su le  to  be  form ed a t  a  l a t e r  p e r io d .  (F ig .  8 .}
In  th e  a d u l t  g la n d  no change i s  s e e n  from  t h a t  a t  th e  
end o f in c u b a tio n *  w ith  th e  e x c e p tio n  o f I n c r e a s e  i n  s i z e .
In  t h i s  c a se  th e  in c r e a s e  i s  due to  th e  c o r t i c a l  s u b s ta n c e  
w hich i s  g r e a t e r  i n  p r o p o r t io n  to  th e  m e d u lla ry  s u b s ta n c e  th a n  
i n  th e  e a se  o f  th e  em bryo.
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COHCLTJSIONS
From th e  above o b a e r r a t io n a  my o o n c lu s io n s  a r e :  
t h a t  th e  a n la ^ e a  o f  th e  e o r t i o a l  c e l l s  o f  th e  a d r e n a l  g la n d  
a r e  budded o f f  th e  p e r i t o n e a l  e p i th e l iu m ; l a t e r  s e v e r  co n - 
M o tio n a  w ith  th e  m other c e l l s  and p r o l i f e r a t e  by a c t iv e  
m ito s la  u n t i l  a b o u t th e  end o f th e  n in th  day  o f in c u b a t io n ,  
when th e  g la n d  h as  re a c h e d  I t s  em bryonic g ro w th . The a n la g e n  
o f  th e  c o r t i c a l  c e l l s  w hich  a r e  rou n d  a t  th e  b e g in n in g  o f  d e ­
velopm ent l a t e r  lo s e  t h e i r  r o tu n d i ty  and assume I r r e g u l a r  
ahapea w ith o u t r e g a rd  to  p o l a r i t y .  Loose o o rd s  o f  c e l l s  a r e  
foTTOd ab o u t th e  f i f t h  day o f  in c u b a t io n ,  a t  w hich tim e  th e  
in v a s io n  o f  th e  a n la g e n  o f  th e  m e d u lla ry  c e l l s  ta k e s  p la c e .  
L a te r  th e s e  c o rd s  lo o s e n  up ab o u t th e  tim e o f fo rm a tio n  o f 
b lood  sp a c e s  w i th in  th e  g la n d , and become more d e n se  and com­
p a c t s ^ l n  whmi th e  b lo o d  s p a c e s  have re a c h e d  t h e i r  maximum 
developm ent.
The a n a lg e n  o f  th e  m e d u lla ry  s u b s ta n c e  i s  form ed by 
c e l l s  w hich d e ta c h  th e m se lv e s  from  th e  v e n t r a l  t r u n k  o f th e  
sy m p a th e tic  n e rv e s  and m lg ta te  i n t o  th e  lo o s e  c o rd s  o f  c o r t i ­
c a l  c e l l s  ab o u t th e  f i f t h  day o f  in c u b a t io n .  No change i s  
a p p a re n t betw een  th e  c e l l s  vriilch a r e  th e  a n la g e n  o f th e  med­
u l l a r y  su b s ta n c #  and th e  c e l l s  w hich  go to  form  th e  p r e v e r te -  
b m il a y m g a th e tic  p le x u s e s  u n t i l  a b o u t th e  se v e n th  day  of I n -  
e u b a t le n ,  a t  w hich  tim e  a change a p p e a rs  In  th e  s i z e  o f  th e
— 18 “
M i l  a n d  g r a a s l a t l o n a  o f  th e  a tm le l*  D u rin g  th e  e ig h th »  
n in th *  and  t e n t h  dnye e h a n g ea  a p p e a r  i n  a r ra n g e m e n t o f  th e  
eo rd fl o r  g rim p a  o f  n e d o U a r j  o e l l e  a ro u n d  th e  h lo o d  sp a c e s*  
Wram t h i s  t im e  on no f u r t h e r  e h a n g e s  a r e  a p p a r e n t  i n  s i z e  o r  
fo rm  o f  t h e  g la n d .
- A >n.
Fig* ! •  Am. Bud o f o e l l s  « h io h  g iv e  r i s e  
to  e o r t i o a l  m ihetanoe
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